We report a new occurrence of melt inclusions in polymetamorphic granulitic gneisses 13 of the Jubrique unit, a complete though strongly thinned crustal section located above 14 conventional petrologic studies on these strongly deformed rocks have proposed that 37 anatexis started during decompression from peak to post-peak conditions and in the 38 field of sillimanite. The study of melt inclusions shows, however, that melt was already 39 present in the system at peak conditions, and that most garnet grew in the presence of 40 melt. 41
Introduction 43
Melt inclusions (MI) are small droplets of liquid, commonly a few to tens of 44 micrometers across, trapped by minerals that grow in the presence of melt. They were 45 first described by Sorby (1858) in igneous rocks, where they constitute a wealth of 46 Bartoli et al., 2014) . 58
Most MI in anatectic terranes appear partially or totally crystallized due to slow 59 cooling at depth. Owing to the granitic phase assemblage made of micron to submicron 60 quartz, feldspars and micas, crystallized MI have been named "nanogranites" (Cesare et 61 al., 2009) . With the recent development of in-situ and high spatial resolution micro-62 analytical techniques, as well as appropriate methods to remelt and rehomogenize 63 nanogranites (Bartoli et al., 2013a , it is possible to characterize precisely MI, in 64 order to relate their information to the process of anatexis of the host rock. Hence MIrepresent a new and powerful method to study anatexis, primarily because they can 66 provide information on the parental melt compositions produced at the source region of 67 crustal granites, including concentrations of H 2 O and fluid regimes 68 Ferrero et al., 2012; Bartoli et al., 2013b Bartoli et al., , 2014 . This information can complement, and 69 in some cases be more precise, than that provided by classical petrological and 70 geochemical studies of anatectic terrains, for instance regarding the composition of the 71 primary anatectic melt, which has been traditionally approximated by the composition 72 of anatectic leucosomes. This is particularly important in cases where deformation has 73 partially or totally erased the primary anatectic macro-and micro-structures. In these 74 cases, the presence of MI may be the only evidence remaining in the rock for the 75 presence and nature of melt . 76
The number of MI occurrences in anatectic terranes reported in the literature is quite 77 modest and, among those cases, only a few provide bulk compositional data from the 78 We report the presence and microstructures of MI in metasedimentary granulite-86 facies gneisses of the Jubrique unit, located in contact, and structurally above, the 87 Ronda peridotite slab, in the hinterland of the Betic Cordillera (S Spain). Jubrique 88 constitutes a complete though strongly thinned section (≤5 km) of upper to middle-89 lower continental crust. The studied gneisses, located at the bottom of the sequence, are 90 strongly deformed and show a complex polymetamorphic history (Loomis, 1972; 91 Torres-Roldán, 1981). Hence, Jubrique provides an exceptional opportunity to study 92 partial melting in complex regional polymetamorphic and strongly deformed rocks by 93 using the new approach of the MI (Cesare et al., 2009 . In addition, crustal 94 anatexis is a fundamental process that controls the differentiation of the continental 95 crust (Sawyer et al., 2011), and this quite continuous section of continental crust offers 96 the opportunity to characterize partial melting of middle-to-lower crustal levels, and 97 study its potential effects on the compositional segregation of the crust. We start in this 98 contribution by describing in detail the microstructures and phase assemblages of the 99 Ilm, Zrn, Mnz, Gr and Spl (Figs. 3, 4b-e, 4g ). Melt inclusions have also be observed 232 within Qz included in Grt (Fig. 4h ). Some FI, of possible primary origin, are spatially 233 associated with MI in clusters within Grt (Fig. 4e) . Muscovite has never been observed. 234
Considering large (≥ 4-5 mm) Grt porphyroclasts, MI, Ky and Rt are found both at 235 cores and rims (Figs. 4b-c) , whereas Sil and Ilm are only found at the rims (Fig. 4c, 4g) . 236
Mineral inclusions at the core are not oriented, whereas inclusions at rims (e.g. needles 237
of Sil) may be oriented subparallel to S p (Fig. 4g) . Rims of Grt are variably replaced by 238 undeformed coronas of Crd, Qz, Bt, Ilm, Kfs, Spl and rare Pl (Fig. 4g) Fig. 5a ), and show up to three 241 compositional domains depending on crystal size. Crystals ≤3 mm show a central 242 plateau in all components and increases in Grs and decreases in Prp and X Mg at some 243 hundreds of µm from, and towards the rim. The component spessartine is flat except at 244 a few tens of µm from the rim where it increases. In addition to these compositional 245 zones, larger crystals (≥5 mm) show a central domain with higher concentration of Grs 246 with respect to the plateau (Fig. 5a) . 247
Kyanite occurs both in Grt and in the matrix (Figs. 4b-d, 4g , 4i-j). Matrix Ky forms 248 elongated porphyroclasts and small prisms, always parallel to S p and metastable, 249 partially replaced by either a Spl+Pl±Kfs±Crd corona (Fig. 4j) or a fringe of Sil. 250
Frequently, former Ky appears also as polycrystalline aggregates with undulose 251 extinction, apparently pseudomorphosed by Sil (Fig. 4f) . Kyanite in Grt may also be 252 rimmed by Spl coronas (Fig. 4c-d) ; however, Ky included at the cores of large Grt 253 appear stable (Fig. 4b) . In addition to needles included at the rims of Grt or replacing 254 rims of Ky, Sil appears as small oriented prisms in the matrix (including leucocratic 255 bands), and is particularly abundant in highly deformed rocks (Figs. 4a, 4g, 4i-k Pre-kinematic minerals (with respect to S p ) include the cores of large Grt 289 porphyroclasts, inclusions of Ky, Bt, Rt and Pl in these cores (Fig. 4b) , and 290 porphyroclasts of Ky and Kfs. Syn-kinematic phases are oriented Sil within the rims of 291 large Grt, in small Grt (Fig. 4g ) or in the matrix (Fig. 4a) , rims of large Grt and small 292 Grt, and oriented Ilm and Bt in the matrix (Figs. 4g, 4i-j Garnet porphyroblasts reach in size up to 1.5 cm, and are in general smaller than in 310 mylonitic gneisses. They also show replacement coronas of Crd+Qtz+Bt+Spl, and 311 contain inclusions of melt (Fig. 4m) , Qz, Ky, Sil, Pl, Bt, as well as Rt, Py, Gr, Zrn, Mnz, 312
Ap and Ilm. Some FI seem primary as they appear regularly distributed throughout the 313 entire Grt and spatially associated with MI (Fig. 4m) show similar microstructures to those in mylonitic gneisses. Besides included in Grt, Ky 323 occurs in the matrix parallel to S p and frequently rimmed by symplectic coronas of 324 Spl±Pl±Crd or by Sil (Fig. 4n) . Sillimanite also appears as oriented inclusions at the 325 rims of large Grt or throughout small Grt ( the Crd leucosomes described above (Fig. 4p) . 355
Microstructures of melt inclusions 356
Former MI have been observed within Grt present throughout the entire sequence of 357 gneisses. Rarely, they also appear within Qz crystals included in Grt ( assemblage of nanogranites to a cryptocrystalline and low temperature assemblage that 393 includes Chl (Fig. 6l, 7c, 7h, 7l ). Among the daughter minerals of MI, Bt and Ms form 394 euhedral to subhedral crystals, are frequently intergrown, and appear to be among the 395 first minerals that crystallize from the melt (Fig. 6g, 6j, 6k, 7c, 7i, 7k) . Although some 396
Bt crystals appear to nucleate and grow from irregular Grt surfaces (Fig. 6k) , 397 crystallization of most MI started after development of negative crystal shapes (e.g. The bulk rock composition (in mol %) used for calculation is indicated in the upper left 431 inset of the calculated P-T phase diagram pseudosection (Fig. 8) As in previous studies, we interpret MI in the gneisses of Jubrique as primary and 499 representing primary melts generated during the anatexis of the host rock. This is based 500 on their mostly random spatial distribution throughout the entire crystals (i.e. from core 501 to rim) of a typical peritectic mineral such as Grt, as well as on the presence of a 502 granitic mineral assemblage and/or glass with a typical granitic EDS spectrum (Figs. 6  503 and 7). Melt inclusions in these rocks may appear completely crystallized, partially 504 crystallized, or constituted by glass without any crystalline phase. All these type of 505
inclusions may be present in the same Grt crystal. The presence of glass in inclusions 506 from deep crystalline rocks is a rather unexpected though apparently common feature, 507 that has been attributed to, first, a pore size effect (crystallization is inhibited in the 508 smaller inclusions) and, second, to factors that may inhibit nucleation such as the 509 absence of preexisting nuclei or irregularities on the MI walls (Cesare et al., 2011; 510 Ferrero et al., 2012) . This study supports the hypothesis of the pore size effect, as glass 511 has been found in relatively small (≤20 µm) MI. We interpret that Qz, Fsp, Kfs, Pl, Bt 512
and Ms represent daughter minerals crystallized from the former melt, because: (i) they 513 constitute either the major or common minor minerals that crystallize from granite 514 melts; (ii) Qz and feldspars show intergrowth microstructures typical of simultaneous 515 crystallization from a melt (Figs. 6h, 6l) ; (iii) they nucleate on and crystallize from the 516 planar walls, or adapt their shape to the negative crystal shape of MI; (iv) they fill the 517 offshots present in some MI (Fig. 7i) (Fig. 6g) ; (iii) presence of inclusions of these minerals in Grt. In 523 particular, Ky is present within most of the studied MI, both at the cores and rims of Grt 524 and, in addition to the above observations, Ky in MI from rims of Grt appears rimmed 525 by low-Zn Spl as Ky crystals present in the matrix of the rock (Figs. 6k-l, 7j) . The most 526 frequent mineral that favored the trapping of MI in these gneisses was Ky, followed by 527
Gr and more rarely Zrn, Rt, Ilm and Mnz. euhedral lamellae, and never as octahedral or rounded aggregates, which may instead 547 suggest the presence of former diamond. 548
P-T conditions of melting and implications of nanogranites 549
Previous studies on the P-T conditions of these gneisses have mostly reported 550 isothermal or near-isothermal decompression P-T paths, from ≈12-14 kbar at 730-800 551 ºC to ≈3-4 kbar at 700-800 ºC The recent report of diamond and coesite in Grt from gneisses of the Rif (Ruiz-Cruz 562
and Sanz de Galdeano, 2012, 2013) have led these authors to propose that the earliest 563 metamorphic event recorded by these rocks corresponds to UHP/UHT conditions of P > 564 6 GPa and T > 1150 ºC, and that a first stage of melting occurred during this UHP/UHT 565 event. During our detailed study, we have found no textural, mineralogical or petrologic 566 evidence for UHP metamorphism in the investigated gneisses from the Betic Cordillera. 567
In addition, pseudosection modeling and conventional thermobarometry place the peak 568 P-T conditions of these rocks at ≈12-14 kbar and ≈800-850 ºC, with post-peak 569 conditions characterized by similar T and lower P of ≈5-6 kbar. The low pressure 570 estimate is based on the first appearance of Crd in Fig. 8 . The P-T estimates are in 571 accordance with petrographic observations (relationships among Grt porphyroclasts, 572
Ky, Sil, Rt and Ilm, see below) and most of the previous thermobarometric studies. 573 To interpret the information provided by the nanogranites and include it in the 574 history of the rock, it is necessary to determine the timing of its entrapment within the 575 host Grt. Nanogranites appear throughout the entire Grt crystals, from core to rim, 576 including the largest Grt present in the studied thin sections (up to ≈1 cm in diameter). 577
Peak and post-peak P-T conditions were obtained from the cores and rims of these 578 largest Grt, and hence (i) nanogranites were trapped, and melt was present, during both 579 peak and post-peak P-T conditions, and (ii) most Grt in the gneisses grew in the 580 presence of melt. These conclusions are also supported by the following microstructural 581
observations. Nanogranites present at the cores of large Grt frequently include Ky; they 582 may also include accidental Rt (Fig. 6 ). In addition, single mineral inclusions of Ky and 583
Rt have been observed nearby nanogranites present at Grt cores. Nanogranites present at 584 the rims of large Grt crystals frequently include also accidental Ky, although in this case 585 Ky appears commonly rimmed by low-Zn Spl (Fig. 6k-l) ; nanogranites may include Rt 586 but also Ilm (Fig. 6j) . In addition, single mineral inclusions of Ky, Sil, Rt, Rt partially 587 transformed to Ilm, and Ilm, may appear in the vicinity of nanogranites present at the 588 rims. This indicates that during growth of Grt rims in the field of Sil and Ilm, they 589 trapped droples of melt present in the rock, together with relict Ky and Rt. We have not 590 observed Sil within nanogranites, suggesting that this phase does not favor the trapping 591 of MI as Ky does. 592
The above conclusions contrast with the previous hypothesis, based solely on 593 petrographic observations and mineral compositions, that melting started during 594 decompression and in the field of Sil (Platt et al., 2003) . This constitutes an example of 595 the potential of the study of nanogranites in anatectic rocks. A preliminary study on the 596 remelting of these nanogranites has provided leucogranitic compositions for the melt 597 inclusions (Barich et al., 2014) . Future detailed remelting studies will shed light on the 598 precise compositions of the primary anatectic melts and the fluid regime during partial 599 melting at Jubrique. In this regard, the coexistence of MI and apparently primary 600 carbonate-bearing FI in some of the investigated Grt (Figs. 4h, 4k) showing the location of the Jubrique unit and studied samples (see also Fig. 3) . 901 
